Simultaneous blockade of the CD40 and CD28 costimulatory pathways is an effective treatment strategy to promote allograft acceptance but does not lead to indefinite allograft survival. The immune mechanisms responsible for costimulation-independent rejection are not defined. Here we have studied the rejection responses of murine C57BL/6 recipients, which we show to be relatively resistant to inhibition by combined CD40/CD28 blockade. We demonstrate that asialo GM1 + CD8 + cells play a critical role in this costimulation blockade-resistant rejection. These results provide new insights into the costimulatory requirements for T-cell subsets and demonstrate for the first time that combined blockade of the CD40 and CD28 pathways does not adequately inhibit CD8-mediated skin allograft rejection. Furthermore, we provide evidence that asialo GM1 is a potentially important therapeutic target for CD8-dependent immune responses.
Introduction
Activated T cells play a central role in the immune response to transplanted tissues. Once activated, T cells may act as direct cytotoxic effectors or provide "help" for other cells that are important in the effector phase of the immune response. Definition of the T-cell subsets that are required to mediate rejection has been of long-standing interest to the transplant community. Numerous studies indicate that CD4 + T cells may play a crucial, if not obligatory, role in allograft rejection. For example, depletion of CD4 + T cells is sufficient to promote long-term acceptance of cardiac allografts in mice (1) (2) (3) . More recently, it has been reported that CD4-deficient Balb/c mice permanently accept skin allografts (4) . However, there is evidence in certain strains of mice and in humans that CD4 "help" is not always required to generate CD8 + cytotoxic T lymphocytes (CTL) (5, 6) . Furthermore, in B6 and B10 mice, CD8 + T cells are sufficient to reject allografts (7) .
Optimal T-cell proliferation and cytokine secretion require the delivery of signals via the T-cell receptor and costimulatory receptors. CD40 and CD28 serve as receptors for interrelated costimulatory pathways that are crucial for the development of many T-cell responses (8) (9) (10) (11) . Interest in the transplant community has been fueled by observations that simultaneous blockade of the CD40 and CD28 pathways provides a powerful means of inhibiting alloimmune responses in both rodents and primates (12, 13) . However, this strategy does not always produce indefinite graft survival. For example, we have recently reported that rejection of skin xenografts can occur via CD40-and CD28-independent pathways (14) .
In this report, we have examined the cellular mechanisms involved in costimulation blockade-resistant allograft rejection in C57BL/6 (B6) mice. We observed that addition of anti-asialo GM1 antibodies to combined blockade of the CD40 and CD28 pathways markedly delays skin allograft rejection. In subsequent experiments, we show that the effects of anti-asialo GM1 are not mediated through the depletion of natural killer (NK) cells, but rather by inhibition of CD8-dependent rejection. Furthermore, we demonstrate that treatment with anti-asialo GM1 significantly diminishes the expansion of CD8 + T cells in vivo. These results indicate that combined blockade of the CD40 and CD28 costimulatory pathways does not adequately inhibit CD8-mediated allograft rejection. Further, our data suggest that adjunctive therapies targeting alloreactive CD8 cells, such as anti-asialo GM1 treatment, may enhance the effectiveness of costimulation blockade-based therapies.
ulin -/-mice and B6 class II -/-mice were purchased from Taconic Farms (Germantown, New York, USA).
Treatment protocols. Skin graft recipients were treated with 500 µg each of hamster anti-murine CD40L antibody (MR1) and human CTLA4-Ig (provided by D.Hollenbaugh [Bristol Myers Squibb, Princeton, New Jersey, USA]) administered intraperitoneally on the day of transplantation (day 0) and on postoperative days 2, 4, and 6. Additional experimental groups were treated with 50 µL of polyclonal rabbit anti-asialo GM1 antisera (Wako Chemicals, Richmond, Virginia, USA) administered intraperitoneally or 200 µg of rabbit IgG (Sigma Chemical Co., St. Louis, Missouri, USA, or Jackson Immunochemicals, West Grove, Pennsylvania, USA) administered intraperitoneally on days 0, 4, 8, and 12; or 200 µg of anti-NK1.1 (PK136) administered intraperitoneally on days 0, 7, 14, and 21; or 200 µg of anti-γδ antibody (GL3) (gift of H. Kirk Ziegler, Department of Microbiology and Immunology, Emory University, Atlanta, Georgia) on day -2; or 100 µg rat anti-mouse CD8 (TIB105) or rat anti-mouse CD4 (GK1.5) administered intraperitoneally on days -3, -2, and -1, and weekly until the time of rejection.
Flow cytometry. Analyses of nylon wool passaged splenocytes and peripheral blood were carried out using fluorochrome-conjugated antibodies (Armenian Hamster IgG2, Rat IgG2a, Mouse IgG2a, anti-CD4, anti-CD8, anti-γδ TCR, anti-β TCR, anti-NK1.1; all from PharMingen, San Diego, California, USA) or using primary antibodies (rabbit anti-asialo GM1 antisera [Wako Chemicals]) or rabbit IgG (Jackson Immunochemicals), followed by biotinylated donkey anti-rabbit IgG F(ab′) 2 (Jackson Immunochemicals), followed by streptavidin-FITC (Jackson Immunochemicals) or TRI-COLOR (Caltag Laboratories, Burlingame, California, USA). Flow cytometry was performed using a FACScan, and data were analyzed using Cellquest software (both, Becton Dickinson Immunocytometry Systems, San Jose, California, USA).
Skin grafting. Full thickness skin grafts (∼1 cm 2 ) were transplanted on the dorsal thorax of recipient mice and secured with a plastic adhesive bandage for 7 days. Graft survival was then followed by daily visual inspection. Rejection was defined as the complete loss of viable epidermal graft tissue. Statistical analyses were performed using a Mann-Whitney U test.
Reconstitution of Rag1 -/-mice. Splenic and mesenteric lymph node cells were harvested from C57BL/6 mice. After red blood cell lysis, cells were incubated on ice for 20 minutes with rat anti-mouse CD11b (M1/70), antimouse CD45R (B220), and either anti-mouse CD4 (GK1.5) or anti-mouse CD8 (TIB105). Cells were then washed and incubated with goat anti-rat IgG biospheres (Biosource International, Camarillo, California, USA) (20:1 bead/target ratio) for 20 minutes on ice. Cells were then placed on a magnet for 15 minutes and collected, and viable cells were counted using trypan blue exclusion. Adequacy of T-cell subset depletion (<1% contaminating cells) was confirmed by flow cytometry. Recipient mice were adoptively transferred with 1 × 10 7 cells intravenously by penile vein injection.
CFSE staining. Splenic and mesenteric lymph node cells were harvested from C57BL/6 mice. After red blood cell lysis and nylon wool passage, the cells were incubated in 10 µM CFSE (Molecular Probes, Eugene, Oregon, USA). After 10 minutes, the staining was halted by the addition of cold RPMI. Irradiated (18 Gy) Balb/c mice then received 3 × 10 7 CFSE-labeled cells intravenously by penile vein injection. Recipient mice were treated on the day before transfer and the day of transfer with either 50 µL anti-asialo GM1 antisera or 200 µg rabbit Ig. After 66 hours, spleens were harvested from the recipients, the red blood cells were lysed, and the remaining cells were stained for flow cytometry as already described.
Results
Rejection responses in B6 mice are relatively resistant to the effects of CD40/CD28 costimulation blockade. We have previously reported that allogeneic Balb/c (H-2 d ) skin grafts transplanted to C3H/HeJ (H-2 k ) recipients treated with anti-CD40L mAb (MR1) and CTLA4-Ig to inhibit the CD40 and CD28 costimulatory pathways have dramatically improved survival (median survival time [MST] , 98 days) compared with untreated control animals or animals receiving either agent alone (MST 11 days) (ref. 13 and unpublished study). In an effort to explore the mechanisms involved in this prolonged graft survival, we undertook similar experiments using B6 (H-2 b ) recipients, with an aim to exploit the numerous gene knockout and transgenic strains that have been developed on this background. To our surprise, we found that similar treatment of B6 recipients with MR1 and CTLA4-Ig for 6 days after transplantation resulted in only minimal prolongation of Balb/c skin graft survival compared with untreated recipients (MST 20 versus 10 days) ( Figure 1 ). To investigate
Figure 1
Skin allograft rejection in B6 mice is relatively resistant to combined blockade of the CD40 and CD28 pathways. B6 recipients of Balb/c skin allografts treated with anti-CD40L (500 µg) and CTLA4-Ig (500 µg) on days 0, 2, 4, and 6 (MST 20 days; n = 7) had minimally prolonged survival compared with a control group that received no treatment (MST 10 days; n = 7; P < 0.01). Recipients treated with chronic costimulation blockade therapy (days 0, 2, 4, and 6 and weekly until rejection) (MST 17 days; n = 7) did not have prolonged survival compared with our standard CD40/CD28 blockade protocol.
whether this difference was due to insufficient blockade of the CD40 and CD28 pathways, we extended the costimulation blockade protocol with weekly injections of CTLA4-Ig and anti-CD40L until graft loss occurred. Despite chronic therapy, skin allograft survival was not significantly improved compared with the standard costimulation blockade protocol (MST 17 versus 20 days) ( Figure 1 ). Thus, the relative resistance of rejection responses in B6 recipients to costimulation blockade suggests that B6 mice can effectively reject allografts via mechanisms that are independent of the CD40 and CD28 costimulatory pathways.
Asialo GM1 + cells are important mediators of costimulation blockade-resistant skin allograft rejection. Although the acceptance of allografts and xenografts by T cell-deficient nude and SCID rodents with intact NK cell function indicates that NK cells are not sufficient to reject tissue allografts (15) (16) (17) , NK cells play a prominent role in the rejection of allogeneic and xenogeneic bone marrow transplants (18) (19) (20) (21) and infiltrate cardiac allografts during acute rejection responses (22) . As an initial approach to explore the potential role of NK cells in costimulation blockade-resistant rejection, we used anti-asialo GM1 antibodies to deplete NK cells (23, 24) . B6 recipients of Balb/c skin allografts were treated with anti-CD40L and CTLA4-Ig (costimulation blockade), anti-asialo GM1 antibodies alone, costimulation blockade plus anti-asialo GM1 antibodies, or control antibody (rabbit IgG) (Figure 2 ). Control-treated recipients promptly rejected their skin allografts, as did recipients treated with anti-asialo GM1 antibodies alone (MST 10 days and 11 days, respectively). As in our initial experiments, B6 recipients treated with costimulation blockade alone had only minimal prolongation of Balb/c skin allograft survival (MST 20 days). In contrast, allograft survival in recipients treated with costimulation blockade in addition to anti-asialo GM1 antibodies was dramatically prolonged compared with recipients treated with costimulation blockade alone (MST 86 versus 20 days; P < 0.01).
Asialo GM1 is expressed on NK cells, NK T cells, and subsets of γδ T cells and CD8 + T cells in B6 mice.
Although anti-asialo GM1 antibodies are widely used to deplete NK cells, it is known that asialo GM1 expression is not confined to NK cells. Therefore, we next studied the expression of asialo GM1 + cells in the B6 mouse. Twocolor flow cytometric analysis of nylon wool passaged splenocytes demonstrated expression of asialo GM1 on most NK1.1 + cells (93%) and subsets of αβ (13%) and γδ (53%) T-lymphocytes. Further analysis demonstrated that approximately 20% of CD8 + T cells expressed asialo GM1, whereas approximately 1% of the CD4 + T cell population was asialo GM1 + ( Figure 3) . Thus, several distinct populations of cells within the B6 lymphocyte population express asialo GM1 and are potential targets of anti-asialo GM1-depleting antibodies.
Neither NK cells nor γδ T cells play an important role in costimulation blockade-resistant rejection. Next, we undertook experiments to identify the subsets of asialo GM1 + cells that are critical for costimulation blockade-resistant rejection. To explore the role of NK cells, we treated mice with an anti-NK1.1 antibody (PK136) alone or in combination with costimulation blockade (Table 1 ). In preliminary experiments, we confirmed that the anti-NK1.1 dose and frequency could maintain NK-cell depletion for more than 21 days (data not shown). Surprisingly, depletion of NK cells with anti-NK1.1 in combination with costimulation blockade failed to reproduce the effects observed with anti-asialo GM1 treatment. Similar experiments were performed to determine the role of γδ T cells using an anti-γδ TCR mAb (GL3) (25) or with B6 δ chain -/-mice that lack γδ T cells (Table 1) . Again, when treated with costimulation blockade, neither of these groups had prolonged skin allograft survival compared with wild-type (control) mice treated with costimulation blockade (Table 1) . Thus, neither NK1.1 + cells nor γδ T cells are critical for costimulation blockade-resistant allograft rejection in B6 mice.
CD8 + T cells play a pivotal role in costimulation blockade-resistant rejection. Because subsets of αβ T cells express asialo GM1, we undertook experiments to explore the role of CD4 + and CD8 + T cells in costimula-
Figure 2
Anti-asialo GM1 antibodies prolong skin allograft survival in B6 recipients treated with combined CD40/CD28 blockade. B6 recipients of Balb/c skin allografts treated with anti-CD40L, CTLA4-Ig (500 µg on days 0, 2, 4, and 6) and anti-asialo GM1 (50 µL on days 0, 4, 8, and 12) (MST 86 days; n = 7) had significantly prolonged graft survival compared with recipients treated with costimulation blockade alone (MST 20 days; n = 7; P < 0.01). Recipients treated with anti-asialo GM1 alone (MST 11 days; n = 7) did not have prolonged graft survival compared with control-treated (Rabbit IgGtreated) recipients (MST 10 days; n = 7). (Figure 4a ). In contrast, recipients that had been depleted of CD8 + T cells and treated with costimulation blockade had markedly prolonged allograft survival (MST 67 days) compared with untreated CD8-depleted mice (MST 11 days) or undepleted mice treated with costimulation blockade ( Figure  4b ). Thus, these data suggest that while costimulation blockade is very effective in inhibiting CD4-dependent rejection responses, CD8 + T cells can aggressively mediate rejection independent of the CD40 and CD28 pathways in B6 recipients. Anti-asialo GM1 inhibits allograft rejection mediated by CD8 + , but not CD4 + , T cells. Taken together, the preceding experiments suggested that the important target of the anti-asialo GM1 antibodies was the CD8 + T cell rather than the NK cell. To assess directly whether anti-asialo GM1 antibodies could inhibit rejection mediated by CD8 + T cells, we reconstituted B6 Rag1 -/-mice with CD4 or CD8 cell subsets and treated with anti-asialo GM1 or control antibody (rabbit Ig) for 12 days after transplant. Recipient mice reconstituted with CD4 cells promptly rejected allografts when treated with either rabbit IgG or anti-asialo GM1 (MST 12 versus 13 days) (Figure 5a ). In contrast, recipients reconstituted with CD8 cell subsets promptly rejected Balb/c skin allografts when treated with rabbit IgG (MST 11 days), but they had significantly prolonged survival when treated with anti-asialo GM1 antibodies (MST 37 days; P < 0.02) (Figure 5b) .
As an alternative approach to study the effects of anti-asialo GM1 antibodies on CD4-and CD8-mediated rejection responses, we used MHC class II -/-mice and B 2 -microglobulin -/-mice, which are deficient in Figure 3 Asialo GM1 is expressed on NK cells and subsets of γδ T cells and αβ T cells in B6 mice. Nylon wool nonadherent splenocytes from B6 mice were analyzed for NK1.1, γδ TCR, αβ TCR, CD4, CD8, and asialo GM1 in the lymphoid compartment using 2-color flow cytometric analysis. All axes represent fluorescence intensity on a logarithmic scale. Asialo GM1 is expressed on approximately 93% of NK1.1 + cells, 53% of γδ T cells, 13% of αβ T cells, less than 1% of CD4 + T cells, and 20% of CD8 + T cells.
Figure 4
CD8 + T cells mediate costimulation blockade-resistant rejection. B6 recipients were depleted of CD4 or CD8 cells with GK1.5 or TIB105, respectively (100 µg on days -3, -2, and -1 and weekly until rejection) or left undepleted. Recipient mice were transplanted with Balb/c skin allografts on day 0 and treated with costimulation blockade alone (CTLA4-Ig, anti-CD40L, 500 µg on days 0, 2, 4, and 6) or left untreated. (a) Costimulation blockade has no effect on CD8-mediated rejection. Untreated recipients depleted of CD4 cells (MST 16 days; n = 7) had minimally prolonged allograft survival compared with undepleted mice without treatment (MST 9 days; n = 6). Treatment with costimulation blockade did not prolong allograft survival in recipients depleted of CD4 cells (MST 18 days; n = 7) compared with costimulation blockade treatment of undepleted mice (MST 20.5 days; n = 6). (b) Costimulation blockade significantly inhibits CD4-mediated allograft rejection. In the same experiment as a, depicted on a separate graph for clarity, treatment of CD8-depleted recipients with costimulation blockade (MST 67 days; n = 5) significantly prolonged allograft survival compared with undepleted recipients treated with costimulation blockade (MST 20.5 days; n = 6; P < 0.01) or recipients treated with anti-CD8 alone (MST 11 days; n = 7).
CD4 + and CD8 + T cells, respectively. Consistent with our data from the adoptive transfer model, treatment with anti-asialo GM1 significantly extended Balb/c skin allograft survival in B6 class II -/-recipients (MST 26 versus 12 days in rabbit Ig-treated animals; P < 0.01) (Figure 5d ), but had no effect on rejection in B6 B 2 -microglobulin -/-recipients (MST 10 days) (Figure 5c ). To ensure that the effect of anti-asialo GM1 on CD8-mediated rejection was not due to depletion of NK cells, recipient B6 class II -/-mice were also treated with anti-NK1.1 antibody. As expected, depletion of NK1.1 + cells had no effect on CD8-mediated skin allograft rejection (MST 13 days) (Figure 5d ).
Anti-asialo GM1 prevents the expansion of CD8 + T cells in vivo.
To investigate the mechanism by which anti-asialo GM1 antibodies inhibit CD8-mediated allograft rejection responses, we studied the effects of this antibody on the expansion of CD8 + T cells in vivo in a GvHD model using the fluorescent dye CFSE (26) . Cells labeled with CFSE lose half of their fluorescence each time they divide, and thus cell divisions can be tracked in vivo using flow cytometry (27, 28) . CFSElabeled B6 T cells were adoptively transferred into lethally irradiated Balb/c recipients that were treated with either anti-asialo GM1 antibodies or rabbit Ig control antibody. Recipient splenocytes were harvested 66 hours after adoptive transfer and analyzed by flow cytometry for CD8 and CFSE fluorescence.
As demonstrated in Figure 6a , control mice treated with rabbit Ig had a significant population of CD8 + cells that had undergone more than 6 divisions. In contrast, mice treated with anti-asialo GM1 (Figure 6b ) demonstrated an almost complete absence of CD8 cells that had divided more than 6 times. These data suggest that anti-asialo GM1 antibodies either inhibit cellular division or selectively deplete dividing CD8 + T cells. In other experiments, we have observed that expression of asialo GM1 increases with the number of cell divisions in this model (data not shown). Because anti-asialo GM1 antibodies effectively deplete NK cells, we hypothesize that treatment with anti-asialo GM1 may also deplete activated CD8 cells undergoing multiple rounds of division and, thus, may be a useful strategy to inhibit CD8-mediated immune responses in vivo. In this regard, we have observed using flow cytometry that treatment with anti-asialo GM1 specifically depletes B6 mice of asialo GM1 + CD8 + cells while leaving the bulk of the CD8 population intact (data not shown). 
Discussion
These studies define limitations in the effectiveness of costimulation blockade therapies that may prove important as these strategies reach clinical trials. Although combined blockade of the CD40 and CD28 pathways significantly inhibits allograft rejection in some recipient strains of mice, we have shown that this strategy is relatively ineffective in promoting skin allograft acceptance in B6 mice due to inadequate blockade of CD8-mediated rejection responses.
Our data also indicate that under certain circumstances, CD8 + T cells are able to reject allografts in the absence of CD4 + T cells. Although Krieger et al., using Balb/c recipients, have published compelling data that CD4 + cells are necessary and sufficient to mediate heart and skin allograft rejection in some settings (4) , the data presented here using antibody depletion suggest that CD8 cells are able to mediate skin graft rejection in B6 recipients. The ability of CD8 cells to mediate graft rejection in this model is further supported by our observation that B6 CD4 -/-recipients reject skin allografts (MST 14.5 days; data not shown) with kinetics similar to those shown here for recipients depleted of CD4 + cells.
Although the data presented here are limited to B6 recipients of skin grafts, recent observations suggest that costimulation blockade-resistant rejection occurs in other models as well. In experiments in other strains, we have found that DBA/2 recipients, like C3H/HeJ recipients, enjoy a marked increase in skin graft survival when treated with costimulation blockade, whereas costimulation blockade-treated Balb/c recipients reject skin grafts with kinetics similar to B6 mice (unpublished study). Further, while we and others have reported impressive prolongation of cardiac allograft survival due to blockade of the CD40 and/or CD28 pathways, Newell et al. have recently demonstrated the rejection of small bowel allografts by CD8 + T cells in a CD28 independent manner (29) . Thus it appears that the costimulation requirements of murine CD4 + and CD8 + T cells may depend on both the genetic background of the recipient and the organ being transplanted.
It seems likely that in outbred human populations, the activation requirements of CD4 + and CD8 + T cell subsets may also be heterogeneous. Indeed, the expression of CD28 on CD8 + T cells shows dramatic individual variation in humans, ranging from 18% to 87% of peripheral blood CD8 + T cells (30) . In human transplant recipients, heterogeneity in the responsiveness to conventional immunosuppression is well recognized but poorly understood (31) . Thus, the response to combined CD40/CD28 blockade may also prove to be variable in humans, and adjunctive therapies targeting costimulation blockade-resistant rejection may be necessary.
Asialo GM1 + CD8 + T cells represent a potential therapeutic target. Although we initially hypothesized that anti-asialo GM1 antibodies augmented costimulation blockade therapy by depleting NK cells, our experiments using costimulation blockade in mice depleted of various leukocyte subsets suggest that anti-asialo GM1 mediates its effects on allograft rejection through the depletion of alloreactive CD8 + T cells, not NK cells. Alternatively, anti-asialo GM1 antibodies may deplete or interfere with the function of another asialo GM1 + cell required for CD8-dependent rejection responses (e.g., an antigenpresenting cell [APC] or effector cell); however, we consider this second hypothesis less likely, as anti-asialo GM1 antibodies prevent CD8 + T cell expansion and so selectively inhibit CD8-mediated rejection responses while sparing CD4-mediated rejection responses.
The biologic significance of asialo GM1 expression by a subset of CD8 + T cells is not clear. It remains controversial whether asialo GM1 expression represents a marker of CD8 + T-cell activation or identifies a distinct population of killer T cells with unique functional properties (32) (33) (34) (35) (36) (37) . Our observations that asialo GM1 expression increases with the number of cell divisions (data not shown) and that anti-asialo GM1 can prevent CD8 expansion while sparing nondividing CD8 cells suggest that asialo GM1 is indeed an activation marker. These results suggest that asialo GM1 may represent a novel therapeutic target to interrupt allograft rejection responses or other pathological immune responses mediated by CD8 + T cells. Further studies on the distribution of asialo GM1 on human leukocytes will be necessary to determine the therapeutic potential of such an approach.
Costimulation blockade-resistant rejection has important biologic and clinical implications. These studies also add to our understanding of the costimulatory requirements of CD4 + and CD8 + T cells during allograft rejection responses. Previous reports have indicated that CD4 + T-cell responses to a variety of environmental and selfantigens are critically dependent on CD40L (8, (38) (39) (40) . Our data indicating that CD40/CD28 blockade is markedly more effective in B6 recipients that have been depleted of CD8 + T cells are consistent with these reports and suggest that these pathways are also important for CD4-mediated rejection responses.
The importance of CD28 and CD40 costimulation in the development of CD8 + T-cell responses is less clear. In some settings, such as the response to lymphocytic choriomeningitis virus (LCMV), it appears that neither CD40 nor CD28 is required for CTL development or viral clearance (41, 42) . However, several recent reports have indicated that for helper-dependent CD8 responses, CD40L plays a crucial role in licensing APCs to arm effector CD8 + T cells to mediate killing (43) (44) (45) . Our data are most consistent with the studies of the response to LCMV, in that it appears that CD8-mediated rejection in B6 mice requires neither the CD40 nor CD28 pathway. It is possible that other interactions such as 41BB/41BBL and fas/fasL (46) (47) (48) can provide costimulation for CD8 + T cells. Alternatively, recent evidence indicates that in the setting of high-affinity T-cell receptor-MHC peptide interactions, CD8 + T cells can be activated in vitro in the absence of costimulation (49, 50) . While further study of the biology of CD8 + T cells will be needed, it is clear that the development of therapeutic strategies targeting CD8 + T cells, such as anti-asialo GM1 antibodies, may enhance the effectiveness of costimulation blockade therapies.
